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@ Thermoplastic resin composition. 

@ A novel thermoplastic resin composition excellent in heat 
resistance, mechanical properties and processability Is pro- 
vided which comprises a composition containing (A) a 
dispersing phase of pblyphenylene ether obtained by oxidation 
polymerization of at least one phenol compound represented by 
the formula: 
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wherein Ri. Rz. R3, R4 and R5 each represents a hydrogen 
atom, a halogen atom or a substituted or unsubstituted 
hydrocarbon residue and at least one of them Is a hydrogen 
atom, (B) a crystalline th'ermoplstic resin matrix phase and (0) a 
mutual compatibiiizer compatible with (A) and/or (B), the 
average particle diameter in said dispersing phase being 
0.01 - 10 urn. 
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Description 



THERMOPLASTIC RESIN COMPOSITION 



This Invention relates to a novel thermoplastic resin composition suitable for shaped articles, sheet or flim 
by injection molding or extrusion molding. More particularly, it relates to a novel thermoplastic resin 
composition superior In heat resistance, mechanical properties and processability, which contains a mutual 
compatibilizer In a resin composition containing a dispersing phase of polyphenylene ether and a crystalline 
thermoplastic resin matrix phase. 

Polyphenylene ether is thermoplastic resin superior in various mechanical properties, heat resistance, 
electrical properties, chemical resistance, hot water resistance, flame resistance and dimension stability, but 
inferior in processabillty due to high melt viscosity and relatively inferior in impact resistance. 

A composition material comprising polyphenylen ether and polystyrene is proposed in order to lessen melt 
viscosity of polyphenylene ether and to improve processabillty thereof, leaving various other good properties 
of polyphenylene ether unchanged. However, such inherent good properties of polyphenylene as heat 
resistance, flame resistance and chemical resistance are somewhat damaged when enough polystyrene Is 
added to provide processabillty practically. No sufficient improvement is seen in impact resistance, either, 
even after polystyrnee is added. 

On the other hand, crystalline thermoplastic resins are usually superior In heat resistance, stiffness, 
strength and oil resistance, but are inferior in impact resistance in many cases. In order to improve the Impact 
strength of the resins, rubber components are blended or copolymerized therewith to result in much reduction 
of heat resistance and surface hardness. Further, crystalline thermoplastic resins when molten decrease in 
viscosity and can readily be molded. However, when they are molded at temperatures even slightly lower than 
their crystallizing solidification temperature, they are rapidly hardend and thus are narrow in range of molding 
conditions. Moreover, they are conspicuous In change of properties and size at practical use. Further, most of 
heat resistant crystalline thermoplastic resins are high in susceptibility to water and not only change in 
properties and dimension, but are inferior in appearance; 

Development is expected in new applications if a resin composition is prepared in which polyphenylene 
ether and a crystalline thermoplastic resin are blended, maintaining favorite properties of both components 
and having improved processability and impact strength. However, polyphenylene ether and crystalline 
thermoplastic resin are greatly different in melt viscosity from each other and they are very poor in 
compatibility. Simple blending of them encounters the following difficulties: 

1. hardness in stable tal<e-up of strands extruded and greatly lower processability in molding, because 
their melt viscosity difference is very large ; and 

2. no improvement in mechanical properties of the shaped articles, particularly in impact resistance, but 
rather lower than expected on the basis of their respective values. 

One approach to solve these problems is addition of additives having reactivity or compatibility to system of 
polyphenylene ether and polyamide as disclosed in Japanese Patent Publication' {Kokoku) No. 60-11966 and 
Japanese Patent Publication (Kokal) Nos. 56-47432, 57-10642 and 60-58463. Especially, the methods 
disclosed in Japanese Patent Publication (Kokoku) No. 60-11966 and Japanese Patent Publication (Kokai) No 
56-47432 afford good effect, but impact strength is still not enoOgh. 

Furthermore, Japanese Patent Publication (Kokai) nos. 56-49753, 57-10642 57-165448 and 59-66452 
disclose use of additives reactive with modified polystyrene, polyphenylene ether or rubber. However, 
disperse phase'^s not clear and even when polyphenylen ether is disperse phase, no mention is made of 
particle size. Such composition is out of balance between Impact resistance and heat resistance and besides 
improvement of impact resistance is still not sufficient. 

After a study on a resin composition of polyphenylene ether and crystalline thermoplastic resin, we have 
found that a resin composrtion having good balance between heat resistance and impact resistance, markedly 
improved impact resistance and superior processability is obtained by adding a mutual compatibilizer (C) to a 
composition of a polyphenylene ether disperse phase (A) and a crystalline thermoplastic resin matrix phase 
(B) with specifying particle size of said disperse phase. 

That is, this invention relates to a thermoplastic resin composition which comprises a composition 
comprising (A) a dispersing phase, (B) matrix phase and (C) a mutual compatibilizer defined below and in 
which average particle size In the dispersing phase is 0.01 -10(l: 

(A) : a dispersing phase comprising polyphenylene ether obtained by oxidation polymerization of at 
least one phenol compound represented by the formula: 
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wherein Ri, Ra Ra, R4 and R5 each represents a hydrogen atom, a halogen atom or a substituted or 
unsubstituted hydrocarbon residue and at least one of them is a hydrogen atom; 

(B) a crystalline thermoplastic resin matrix phase; and 1S 

(C) a mutual compatibilizer compatible with (A) and/or (B). 

Poiyphenylene ether for (A) is polymer obtained, for example, by oxidation polymerization of one or more of 
phenol compounds having the formula: 
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Wherein Ri, R2, R3 R4 and Re each represents a hydrogen atom, a halogen atom or a hydrocarbon residue 
substituted or not and at least one of them is a hydrogen atom, with molecular oxygen or gas containing the 
same in the presence of an oxidation coupling catalyst. 

Examples of Ri - R5 are a hydrogen atom, a chlorine atom, a bromine atome, a fluorine atom, an Iodine atorh. 
a methyl group, an ethyl group, an n- or iso-propyl group, a pri.-, sec- or tert.-butyl group, a chloroethyl group, 
a hydroxyethyi group, a phenylethyl group, a benzyl group, a hydroxymethyl group, a carboxyethyl group, a 
methoxycarbonylethyl group, a cyanoethyl group, a phenyl group, a chlorophenyl group, a methylphenyl 
group, a dimethylphenyl group, an ethylphenyl group or an allyl group. 

Examples of phenol compound are phenol, o-, m-or p-cresol, 2,6-. 2,5-. 2.4- or 3, 5-di methyl phenol. 
2-methyl-6-phenylphenoL 2.6-diphenyIphenol. 2.6-dlethylphenol. 2-methyl-6-ethylphenol, 2,3,5-, 2,3,8- or 
2.4.6-trimethylphenol, 3-methyl-6-t. butylphenol. thymol and 2-methyl-6-allylphenoL Alternatively, copolymer of 
any of the phenol compound listed above and the other phenol compound, for example, polyhydroxy aromatic 
compound, may be employed. The polyhydroxy aromatic compound Is. for example, bisphenoi A. 
tetrabromobisphenol A, resorcin, hydroquinone and novolack resin. 

Preferably polymers are homopo^mer of 2,6-dimethyiphenol or 2.6-diphenylphenol and copolymers of a 
large amount of 2,6-xylenoi and a small amount of 3-rhethyl-6-t-butylphenol or of 2.3,6-trimethylphenol. 

Any oxydatlon coupling catalyst may be employed for oxydation polymerization of phenol compound, as 
long as It has polymerization ability. Examples are cuprous compound/tert. amine such as cuprous 
chloride/triethylamine and cuprous chloride/pyridine; cupric compound/amlde/alkall metal hydroxide such as qq 
cupric chloride/pyridine/potassi'um hydroxide; manganese salt/primary amine such as manganese chloride/ 
ethanolamine and manganese acetate/ethylenediamlne; manganese salt/alcolate or phenolate such as 
manganese chloride/sodium methylate and manganese chloride/sodium phenolate; and cobalt salt/tert. 
amine. 

Polymerization temperature for preparing poiyphenylene ether is 40° C or higher (high temperature 55 
polymerization) or lower (low temperature polymerization). Either temperature may be used, although 
polymers produced thereby have different properties. 

Poiyphenylene ether for (A) further includes that grafted with styrenic polymer or other polymer. For 
instance, grafted one is obtained by graft-polymerizing styrene monomer and/or other comonomer in the 
presence of poiyphenylene ether and organic peroxide (Japanese Patnet Publications (Kokoku) 47-47862, 50 
48-12197. 49-5623, 52-38596 and 52-30991) or by melt-kneading poiyphenylene ether and polystyrene In the 
presence of a radical initiator (Japanese Patent Publication (Kokai) 52-142799). 

Reduced viscosity of poiyphenylene ether for (A) measured in a 0.5 g/dl chloroform solution at 25° C is 

preferably 0.40 - 0.60. more preferably 0.45 - 0.55. When reduced viscosity is less than 0.40 or more than 0.60, 

impact strength -of the' composition decreases. ' i?* 

00 
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Crystalline tliermoplastic resin matrix phase (B) comprises at least one resin selected from polyethylene, 
polypropylene, polyamide thermoplastic polyester, polyacetal. polyphenylene sulfide and polyether ether 
ketone 

Said polyethylene Is crystalline polyethylene and includes low-density polyethylene, medium-density 
5 polyethylene, high-density polyethylene, straight chain low-density polyethylene, etc 

Said polypropylene is crystalline polypropylene and includes homopolymer of propylene and besides block 
or random copolymers of propylene with, for example, a-olefins such as ethylene and butene-1. 

Preferably said polypropylene have a melt Index of 0.1 - 100 g/10mln.. especially 0.5-40 g/10 min. 

Homopolymer and block or random copolymers of propylene Is able to obtain by reaction in the presence of. 
10 for example, a catalyst comprising titanium trichloride and an alkylalumlnum compound usually called 

^^^sThe^po^yam^ may be used those obtained by polycondensation of lactams of three or more 

membered rings, polymerizable co-amino acids, dibasic acids with diamines, etc. As typical examples thereof, 
mention may be made of polymers of e-caprolactam. aminocaproic acid, enantholactam. 7-aminoheptanoic 

IS acid ll-aminoundecanoic acid, etc., polymers obtained by polycondensation of diamines such as 
hexamethylenediamine, nonamethylenediamlne, undecamethylenediamine. dodecamethylenediamine. m-xy y- 
lenedlamlne, etc. with djcarboxyllc acids such as terephthalic acid, isophthalic acid, adipic acid, sebaclc acid, 
dibasic dodecanoic acid, glutaric acid, etc.. or copolymers thereof. ,^ ^ ^ , 

Typical examples of said polyamides are aliphatic polyamldes such as polyamide 6. polyamide 6.6. polyamide 

^ 6 10 polyamide 11. polyamide 12, polyamide 6.12, etc. and aromatic polyamides such as polyhexamethylene- 
dlamine terephthalamide. polyhexamethylenediamine isophthalamide. xylene group-containing polyamides. 
etc These may also be used as mixtures or copolymers of two or more of them. . 

Said thermoplastic polyesters comprise dicarboxylic acid component of which at least 40 moio/o is 
terephthalic acid and diol component. The dicarboxylic acid component other than terephthalic acid Includes 

25 aliphatic dicarboxylic acids of 2 - 20 carbon atoms such as adipic acid, sebaclc acid, dodecanedlcarboxy Ic 
add etc aromatic dicarboxylic acids such as isophthalic acid, naphthalenedicarboxylic acid. etc. and alicyclic 
dicarboxylic acids such as cyclohexanedlcarboxyllc acid. etc. These may be used alone or in combinat on of 
two or more. As said diol components, mention may be made of. for example, aliphatic glycols, aiicyclic glycols 
and aromatic glycols such as ethylene glycol. 1,3-propanediol. 1 .4-butanediol, 1 .6-hexanediol. 1.10-deca- 

30 nediol, 1.4-cyclohexanediol. 4.4'-dihydroxydiphenyl. etc. They may be used alone or in combination of two or 

Of these thermoplastic polyesters, especially preferred are polybutylene terephthalate and polyethylene 
terephthalate Preferably, they have an intrinsic viscosity within the range of 0.5 - 3.0 measured in 
o-chlorophenol as a solvent at 25*^0 and those of Intrinsic viscosity outside said range cannot provide the 

35 desired mechanical strength. ... ^. /ax 

The mutual compatibllizer (C) is such that compatible with the polyphenylene ether dispersing phase (A) 
and/or the crystalline thermoplastic resin matrix phase (B) and has a function to stabilize each of said phases 
and does not cause poor appearance or deterioration of properties due to unstable phases at actual use. 
As the mutual compatibilizer. surface active agents of low molecular weight and soaps may also be used. 
40 but those of high molecular weight are preferred for obtaining stability of tl\e phases. More preferred are those 
which can react, even partially, with either one or both of the phases and have not mere affinity therewith, 
regardless of high molecular weight or low molecular weight Further preferably, the mutual compatibilizer per 
se has affinity with or is able to react with (A) and/or (B) and has impact absorbing capacity. 

As the mutual compatibilizer of low molecular weight, there may be used at least one compound selected 
45 from compounds containing, in the molecule, at least one of carboxyl group, acid anhydride group, acid amide 
group, imide group, carboxyiate group, epoxy group, amino group. Isocyanate group, group having oxazoline 
ring and hydroxyl group. Examples of these compounds are aliphatic carboxylic acids, aromatic carboxyiic 
acids, esters, acid anhydrides and acid amjdes of these acids. Imides derived from these acids and/or acid 
anhydrides, aliphatic glycols or phenols, isocyanates such as toluene dllsocyanate and methylenebis(4-phenyl 
50 isocyanate). oxazollnes such as 2-vlnyl-2-oxazoline, epoxy compounds such as epichlorohydrin and glycidyl 
methacrylate. aliphatic amines, aliphatic diamines, aliphatic triamines. aliphatic tetramlnes. aromatic amines 
such as m-phenylenediamine. 4,4'-methylenedianiline, benzidine, etc. The following unssturated compounds 
are more preferred. . . . . 

Typical examples are maleic anhydride, maleic acid, fumaric acid, maleimide. maleic acid hydrazlde. a 
55 reaction product of maleic anhydride and diamine, e.g., compounds having the formulas 
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wherein R is an aliphatic or aromatic group, methylnadic anhydride, dichloromaleic anhydride maleio acid 

rlL\"l"?r''^ ^ °"- °"- ""s^^'l 0". hemSseS oil' cottonseed 

oil. sesame oil. rapeseed oil. peanut oil. camellia oil. olive oil. coconut oil and sardine o? unsaturated 
carboxyllc acd such as acinic acid, butenoic acid, crotonic acid, vinyl acetic acid. mXSlc add SnSit IS 
acuJ. angelic acid, t.glic acid. 2-pentenoic acid, 3-pentenoic acid, a-ethylacrylic acid. ShStSfS 
4-pentenoio acid. 2-hexenoic acod. 2-methyl-2-pentenoic acid. 3-methyl-2.penteno e acid MSSeratS 
inli^;''''"'''''t'^'w"r 2-heptenoic acid. 2-octenoic add. ZdeS^iSd tlSSJo,^^^^^ 
10-undecenoic acd 4-dodecendc add, 5-dodecenolc add. 4-tetradecenoio add. 9-tetradecei?dc acS' 
ti™. ° f "'•.2-o°tedecenoIc acid. 9-octadecenoic add. eicosenoic add. docosenoic add emdc 
ac d* 2^6^^^ .'.^V'!!""'^ 2.f-P«ntadienic acid. 2.4-hexadienic add. dlaltyl acetic aSgeS 
acid. 2.4-decadienc acid. 2,4-dodecadienic acid. 9.12-hexadecadienlc acid. 9.12-octadecadienlc arfd 
hexadecatnenic acid, linolic acid, linolenic acid, octadecatrienic acid, eicosadi^nic acid dcosatSc ac d' 
eicosate rBenic acid ridnoleic add. eleosteric acid, oleic acid. eicosapentaenkT aci?^ eruote Sd 
docosad>en,c add docosatrienic acid, docosatetraenic acid, docosapentaenlc S. teSosLnoto Sd' 
hexacosenoic acd hexacodienoic acid, octacosencio acid, and tetraJaconitic acid f ester MirSJidi o; 
«rX> °^,rf ^"J^*''* carboxyllc acid above; unsaturated oxazoiine; unsaturated eJcohorsucra^ alM 
alcohol, crotyl alcohol methylvinyl carbind. allyl carbinol. methylpropenyl carblnd. 4-penten-1-ol To-un 
? of 1! ■'•4-Pentadiene-3-ol. 1.4-hexadiene^l. ^5-hexadlenelo? IVhexaS^Se- 

2ldimeSv?3t..lI%^^^^ C„H2„.70H or C„H2n-»OH (n is an integer). tbuttne-llS 

itSTZ^Vn^u'n^'Vt''^''^'^^^''^'^^^^ °' 2.6-octadiene-4,5-dlol: and uns4iurated amln^ such 
as that where an OH group of the unsaturated alcohol is replaced by an -NH2 grouo 

h JS?tnth fw"J!r difeocyanate and methylenediphenyl diisocyanate are also included. There mav 

c^^SiSliz™^^^^ &r °' ""^"^"'^^ - ^°-°°°> s"SX 

^n*i^^ compatibiiizer of high molecular weight includes polymers of high molecular weight (e g more than 
ioKo" ° ^hich said compatibilizers of low molecular weight are introduced. PrefeiSd are polTeZ^T 
polypropylene and polyolefin copolymers such as ethylene-propylene coplymer and eJhStenSene 
copolyers and above mentioned polyamides. thermoplastic polyestere. and pSen^e^e suE 
and polyether ether l<etone into which compatibllizing agent of low molecStfS te imroducS^^Se 

mJtertel'?** ^"bber-like materials' in this invention mean those obtained by modification of rubber-like 

room'Tem^lratuTe**^'^^ ""^^^ "^'"""^ '"^^^^^'^ «'hich are elastic at 45 

hutHi«nt"S!.°' mbber-IIke materials, mention may be made of natural rubber, butadiene polymer 
butadiene-styrene copolymer (including all of random copolymers, block copolymers, gr^ft copoh/m Jre eTc 1 
sobZLrhTn'- Poiy^^rs, butadiene-acn^lonitrile cSpdymer^Sbut^leS^T^V^^ 

SJsreSt~i;ssfsS^^^^^^^ 

These rubber-like materials may be produced by any methods (e.g., emulsion polymerization solution 

'tSh;:^S'o?eis^^^ 

Furthermore, there may be also used those which have various crossllnkina deoreas varloui? orr,nn^A^l J^ 
mic«. structures (e.g.. cis structure, trans structure, vinyl group. etc7or vSs avS^^^^^^^^ 

yanous polymers such as random compolymers. block copolymer, graft copoly,3%c riS^e used m 
the copolymers for rubber-like materials in this invention opoiymers. eic. may oe used as 

ooJ!!2f 1!kt '°" °l 'I'^^^'-^f'^ materials may be effected by any methods of introduction of at least one mutual 
SnSS^o aTor rJ^o^ '^'"^^^ ''T^''' <^«"«™"y- is effecSi by copl^en^Si^ 

IrsirhiraXdT^^^^^^^ ^'^^ copCmenzatloJ. etS, In. rSSS 

Fv!mnte/«r'*°""** includes epoxy resin and precursors thereof and epoxy-group-containing copolymer 
Examples of epoxy resin and its precursors are bisphend A epoxy resin. O-cresol novSlaJ epS^rsHi; 
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Qlycldylainlne epoxy resin, three-functional epoxy resin and four-functional epoxy resin. The epoxy compound 

TpS'gro?;!^^^^^^^ includes, for example, unsaturated epoxy compound/ethylenically 

unStSId cSSpound copoSm^ epoxidlzed polyester and epoxidlzed polyamide. Unsaturated epo^ 
compound used for the unsaturated epoxy compound/ethylenically unsaturated conZPO""? «oP9'i^«l J^^J 
rScule both an epoxy group and an unsaturated group which is copo^^ner^ e )J f th« ffty^^^^^^ 
unsaturated compound, for instance, unsaturated glycidyl ester and unsaturated glycidyl ether having the 
formulas (1) and (2) below: 



10 R - C - O - CH, - CH - CH (1) 
II \ / 



20 



o 



0 



R - X - CH, - CH - CH (2) 

O 

wherein R is a Ca - Cis hydrocarbon group containing ethyienicaily unsaturated bond and X is -CHa-O- or 



25 Examples are glycidyl acrylate. glycidyl methacrylate. glycidyl itaconate. a^lylglycidyl ether. 2-methylaByl 
glycidyl ether, styrene-p-glycidyl ether. The ethyienicaily unsaturated compound is olefin, vinyl ester of Cz -^ 
saturated carboxylic acid. Ci -Cs saturated alcohol/acrylic or methacryllc acid ester, maleate. methacrylate. 
fumarate. halogenated vinyl, styrene. nitrile. vinyl ether or acrylamide. Examples are ethylene propylene. 
KS? lyl acetate. mJt^vl acrylate. ethyl acrylate. methyl methacrylate. diethyl malate diethyl furnarate 
30 vinyl chloride, vinylidene chloride, styrene. aorylonltrile. isobutyl vinyl ether and acrylamide. They are used 
sinalv or in a mixture of at least two of them. Ethylene is preferable most of all. 

Composition ratio in the epoxy group-containing copolymer is not critical, but 0.1 - 50 o^ by wreight. more 
oreferabiv 1-30 o/o by weight of unsaturated epoxy compound is preferred. 
The epraxy group-containing copolymer is prepared by various methods. Either random copolymerization or 
35 graft copolymerization may be effected: in the former, unsaturated epoxy compound js Introduwd in 
backbone chain of copolymer, and in the latter, unsaturated epoxy compound is introduced In sWe ctein of 
copolymer. Examples are copolymerization in which unsaturated epoxy compound is allowed to react with 
ethylene in the presence of a radical initiator under 500 - 4000 atm. at 1 00 - 300° C in the presence or absence 
of a solvent and a chain transfer agent; graft copolymerization in which polypropylene unsaturated epoxy 
40 compound and a radical initiator are blended and allowed to melt in an extmder; and copolymenzation in wl^ich 
unsaturated epoxy compound is allowed to react with ethyienicaily unsaturated compound in an inert solvent 
such as water or an organic solvent In the presence of a radical initiator. «»rti«.i-riu 
Copolymer of unsaturated epoxy compound/ethylenically unsaturated compound Is preferable, particularly. 
copoVmer of unsaturated epoxy compound/ethylene/other ethyienicaily unsaturated compound than 

^^cimpositionai ratio in the resin composition comprising (A) dispersing phase of polyphenylene ether. (B) 
crystalline thermoplastic matrix phase and (C) mutual compatibilizer compatible witli (A^ 
preferably (A) 1 - BSVo. (B) 35 - 98.90/o and (C) 0.1 - 500/o, more preferably (A) 1 - 6OO/0. (B) 40 - 98.90A) and (C) 
0.1 - 300/0 and most preferably (A) 1 - 6OO/0. (B) 40 - 98.90/o and (G) 0.1 - 200/o (wherein 0/0 is by weight . When 

50 (A) is less than 1% by weight, the composition is inferior in heat resistance, dimension stabiny and 
proecessability and when more than 65«yo by weight, dispersing phase is not formed and impact strength and 
processabillty are inferior. When (B) Is less than 35o/o by weight, matrix phase is not formed and impact 
strength and processabillty are deteriorated. When (B) Is more than 98.90/o by weight, heat resistance, 
dimension stability, hygrosoopicity and processabillty are not improved- When (C) is less than 0.1 Vo by weight. 

55 the phases become unstable and impact strength decreases. When (C) is more than 50% by weight, gelation 
proceeds to deteriorate processabillty and besides, the matrix (B) Is hardly formed and phase Is unstable to 

'^^ASraS'plS^shze'in the polyphenylene ether dispersing phase (A) is suitably 0.01 - 10|i. preferably 
0.05 - 5|i. more preferably 0.05 - 3^. Further preferred particle size is 0.1 - 2.^. more preferably 0.1-1 .8(1. When 

SO the particle size is outside the above range, impact strength decreases. . i. , 

The resin composition of this invention may further contain (D) fibrous reinforcing composites having an 
aspect ratio (ratio of major axis and minor axis) of at least 10 such as glass fiber, carbon fiber, polyamide fiber 
and metallic whisker or (E) Inorganic filler (excluding fibrous filler) having an average partksle size of ^0\x. or less 
such as silica, alumina, calcium carboriate, talfc; mica, carbon black, TIO2 and ZnO. 

es In case the fibrous reinforcing composite material (D) or the Inorganic flller (E) is added, addition amount 
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thereof is 1 -50 parts by weight per 100 parts by weight of the resin coitiposltion comprising (A) disperse 
Smpatibirer'"^ polyphenylene ether. (B) crystailine thermoplastic resin matrix .ph«« a^d (C) mutiS 

«„?r,? f'®!!"'®? embodiment of this Invention may be to use the resin composition in the form of composite 
material wherein flame retardants such as SbaOa or flame retardant aids; lubricants: nuclear agents- 
plasticizers: dyes; pigments; antistatic agents; antioxidants: weatherability providing agents etc are «lded' 

Any process is used to prepare the present resin composition. a a i». eic. are aaaea. 

Melt-blending methods for the components are the best from an economical point of view, although It Is 
L° ^ """P^"^"^^ in a solution and evaporate the solvent or precipitate In a non-solvent 
Melt-biending is earned out in a single-screw or a twin-screw extruder, a kneader or so. preferably a 
high-speed twin-screw extruder. "-wiy « 

Before kneading. It is preferable to unlfomiiy blend powder or pellets of the component resins in a tumbler 
or a Hensohel mixer. The first blending above is not always necessary. Alternatively, each resin may be fed to a 
kneader through a metenng apparatus. Resin composition, after kneaded. Is molded according to iniection 
extrusion and the like. Alternatively, dry blending the resin materials at the injection or extrusion moldlna 
without prekneading and direct kneading are made in the melt processing to produce a shaped article An? 
order is used in the kneading step. For example, compounds for (A) and (B). and (C) are kneaded together, or 
compounds for (A) and (B) are first kneaded before (C) Is kneaded or compounds for (A) and (C) are first 
kneaded before compound for (B) Is kneaded. However. It is not desirable to knead compounds for (B) and (C) 
and then add compound for (A), because geiiation occurs and desirable resin composition is not produced 

The resin composition of this invention is used as shaped articles, sheets, tubes, films, fibers laminates' 
coating matenals. etc. niade by injection molding or extrusion molding. especlalV as automobile pelrts such as 
bumper, inverness. fender^ trim, dopr panel, wheel cover, side protector, garnish, trunk lid, bonnet, roof etc 
interior and extenor materials and mechanical parts required to have heat resistance. Furthermore. theVesin 
composition Is used as parts for motor bicycles such as covering material, muffler cover, leg shield, etc and 
eiectncal and electronic parts such as housing, chassis, connector, base for printed circuit, pulley and other 
parts required to have strength and heat resistance. . k oy «uio oiner 

This invention is explained referring to examples below, wherein they are merely illustrative ones and this 
invention is not limited to them. Heat distortion temperature test (H.D.T.). Izod impact strength test (3 2 mm 
thick and M.I. are observed in accordance with JIS K7207. JIS K7110 and JIS K7210. respectively 

Polyphenylene ether, epoxy compounds and modified rubber-like materials used in the examples and 
comparative examples are obtained below. Crystalline thermoplastic resins and epoxy resins for the eooxv 
compounds which are commercially available are used. 

(1) Polyphenylene ether: 

o„H chloride/ethylenediamine is added to a solution of 2,6-dimethylphenol in toluene and methanol 

and then the solution is subjected to oxidation polymerization under a molecular oxygen atmosphere at 30»C. 

(2) Modified rubber-like material: 

«vfr.!^» °^ ethylenepropylene rubber, maleic anhydride and tert-butyl peroxylaurate is extmded from an 40 

^^b^r.^J!^^::'^^:::^!^ ^ ""^l ° ^^r' '^"^P^^^^-- ^^C- screw rotation: 60 rpm). ModwS 
rubber strands extruded are cooled in water and pelletized. 

(3) Epoxy compound: 

Glycldyl methacrylate/ethylene/vlnyl acetate copolymer is prepared in accordance with Japanese Patent as 
TnStn '^'t'?^ f "^'f giycidyl methacryalte, ethylene, vTnyl £etate a Tadica! 

initiator and a chain-transfer agent are successively fed in a reactor (40f) made of stainless steel whose 
temperature IS controlable and which is equipped with an Inlet, an outlet and a stirrer, and copolymerlzation is 
effected under stirring under 1400-1600 atm. at 180-200*»C. «ii«*uurM» 

(4) Polyamide: ^ 
Polyamide 6.6: UBE Nylon®2020B (Ube Industries. Ltd ) 

Polyamide 6: UBE Nylon®1013B (Ube Industries. Ltd.) 

(5) Polyester: 

Polybutylene tetraphthalate: TOUGHPET®N-1000 (Mitsubishi Rayon Co Ltd ) ' ^ 

Polyethylene terephthalate: UNITIKA Polyester MA2101 (Unltlka. Ltd.) ' 

(6) Epoxy resin: 

enT- ?i°0^|>'-g/eq^ ° ^^''^^^or^Bi epoxy resin, epoxy equlval- 60 

(7) Oleic acid amide: 

DEMON SL-1® (Marubishi Petrochemical Co.. Ltd.) 
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Example 1 

40 wto/o of polyphenylene ether i]sp/c = 0.47 dl/g (reduced viscosity measured in 0.5 g/dl chloroform at 
25* C), 50 wto/o of polyamide 66 "UBE Nylon"®2020B and 10 wto/o of maleic anhydride grafted ethylene 
propylene rubber (amount of maleic anhydride grafted: 0.7 wtQ/o of ethylene propylene rubber) were melted 

5 and kneaded at resin temperature of 310** C and screw rotation of 500 rpm In a cotinuous twih-screvy kneader 
(TEX-44« of Nippon Steel Manufacturing Co. Ltd.) and the product was granulated and test specimen were 
made therefrom by an injection molding machine (IS-150 of Toshiba Co.). Properties of the test specimen were 
measured. The results are shown in Table 1. 

An Izod impact strength test specimen before subjected to the test was subjected to finishing on Its cross 

10 section by microtome and dipped in carbon tetrachloride which is good solvent for polyphenylene ether for 30 
minutes at room temperature to etch polyphenylene ether. This test specimen was examined by a scanning 
type electron microscope to measure diameter of dispersed particles of polyphenylene ether. Weight average 
particle size was calculated on the basis of maximum size of each particle. The results are also shown in Table 
1. 

IS 

Comparative Example 1 

Example 1 was repeated except that polyphenylene ether of t\sp/c =» 0.25 was used. The results are shown 
In Table 1. 

20 Exampale 2 

One part by weight of an epoxy resin "SUMIEPOXY ELM-434'^ as a compatlblllzing agent was added to 100 
parts by weight of a composition comprising 60 wto/o of polyphenylene ether of T|sp/c = 0.61 and 50 wto/o of 
polyethylene terephthalate "TOUGHPET PBT*® N-1006 and the mixture was melted and kneaded at 360** C in a 
small batchwise twin-screw kneader ("LABOPLASTMIL"® of Toyo Seiki Co.) at a screw rotation of 90 rpm for 6 
25 minutes. The resulting composition was pressed at 270*^0 to prepare test specimen for Izod impact strength 
test and heat distortion temperature test. Results of measurement of properties and average dispersed 
particle diameter of polhphenylene ether misasured by the method of Example 1 are shown In Table 2. 

Comparative Example 2 

30 Example 2 was repeated except that one part by weight of oleic acid amide "DENON SL-1"® (MarubishI 
Petrochemical Co.) was used in place of the epoxy resin as a compatlbilizing agent. The results are shown In 
Table 2. 

Example 3 

35 Example 2 was repeated using 30 wto/o of polyphenylene ether (T}sp/c = 0.55) 56 wto/o of polyethylene 
terephthalate "UNITIKA PET" MA2101® and 14 wto^ of glycidyl methacrylate-ethylene-vinyl acetate 
(GMA-E-VA) copolymer. Results of measurement of properties and average dispersed particle diameter are 
shown in Table 3: 

40 -Comparative Example 3 

First. 80 wto/o of "UNlTiKA PET" MA2101® and 20 wto/o of GMA-E-VA copolymer which were the same as 
used in Example 3 were melted and kneaded in "LABOPLASTMIL"® and then 70 wt^Vb of the resulting 
composition and 30 wto/o of the same polyphenylene ether as used In Example 3 were further kneaded and 
molded and properties were measured as In Example 3. The results are shown in Table 3. 



45 



50 



Example 4 

Example 2 was repeated using 40 wto/o of polyphenylene ether (iisp/c = 0.52). 50 wt^Vo of polyamide 6 "UBE 
Nylon"® 1013B and 10 wto/o of maleic anhydride grafted ethylene propylene rubber. The results are shown In 
Table 4. 



Example 5 

Example 4 was repeated except that polyamide 66 "UBE Nylon"® 2020B was used in place of polyamide 6. 
The results are shown in Table 4. 

From these examples and comparative examples, it will be seen that izod impact strength increases with 
55 decrease in average particle diameter of disperse phase comprising polyphenylene ether and decreases to a 
practically unacceptable value when the particle diameter exceeds 10 and thus the particle diameter of 
disperse phase of polyphenylene ether Is an Important factor. 

It has been found that this dispersed particle diameter varies depending on molecular weight of 
polyphenylene ether, kind of the compatibllizing agent and kneading method. These are surprising facts 
60 unexpectable from the conventional technique on polyphenylene ether composition. 

Example 6 

Example 1 was repeated except that polyphenylene ether of T]sp/c = 0.55 was used. The results are shown 
In Table 1. - 
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Example 7 

Example 1 was repeated except that polyphenylene ether of T^ep/c « 0.57 was used. The results are shown 
In Table 1. Surprisingly, It Is seen from Table 1 that reduced viscosity of polyphenylene ether has a suitable 
range and when It is less than 0.40. diameter of dispersed particles Increases to cause reduction of Izod 
impact strength and when it reaches 0.60, the diameter also tends to increase. 5 

Example 8 

40 wto/o of polyphenylene ether (tisp/c « 0.47 dl/g), 50 wto/o of polyamlde 66 "UBE Nyion"«^020B and 10 
wto/o of maleic anhydride grafted ethylene propylene aibber (amount of maleic anhydride: 97 wt<Vo of the 
ethylene propylene rubber) were kneaded at 260** C for 5 minutes in a small batchwise twin-screw kneader 10 
•LABOPLASTMIL"® at a screw rotation of 90 rpm. The resulting composition was pressed (270*^0) to produce 
test specimens and properties thereof were measured. The results are shown in Table 5. 

Example 9 

Example 8 was repeated except that the kneading was effected at 280** C. The results are shown in Table 5. is 
It is recognized from Examples 8 and 9 that even if composition is the same, particle diameter of disperse 

phase of polyphenylene ether changes and further impact strength markedly changes with change In kneading 

conditions. That is, importance of diameter of dispersed particles is clearly shown. 

Example 10 ^ 

Example 6 was repeated except that amount of polyamlde 66 was changed to 45 wtQ^ and that of glycidyl 
methacrylate-ethylene-vlnyl acetate copolymer (content of glycidyl methacrylate: 10 wtVo of the copolymer) 
was changed to 5 wto/o. The results are shown In Table 1. 

Example 11 25 

50 wto/o of polyphenylene ether (risp/c - 0.47 dl/g), 10 wto/p of maleic anhydride grafted ethylene propylene 
rubber (amount of maleic anhydride grafted: 0.7 wto/o of ethylene propylene rubber) and 0.6 part by weight 
(based on the total composition) of maleic anhydride were introduced Into a twin-screw continuous kneader 
("TEX-44"® of Nippon Steel l\/lanufacturing Co.. Ltd.) from its first hopper and 40 wto/o of polyamlde 6 "UBE 
Nylon*® 1013B was introduced from second hopper provided between the first hopper and vent hole and they 30 
were melted and kneaded at resin temperature of 310**C - 340** C and a screw rotation of 380 rpm and then 
granulated. Then, test specimens were made by an Injection molding machine (IS-150E of Toshiba Machine 
Co., Ltd.) and properties were measured. The results are shown In Table 6. 

Example 12 ^ 

Example .11 was repeated except that ethylene propylene rubber was used In place of maleic anhydride 
grafted ethylene propylene rubber. The results are shown in Table 6. 

Example 13 

Example 12 was repeated except that 10 wto/o of 2-vlnyl-2-oxa20line grafted polystyrene ("RPS*® of Dow 40 
Chemical Co.) was used in place of 6.6 part by weight of the maleic anhydride and amount of polyphenylene 
ether was changed to 40 wto/o. The results are shown in Table 6. 
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It has been found from the above examples and comparative examples that In composition of polyphenylene 
ether, crystalline thermoplastic resin and mutual compatlbillzer . particle diameter of dispersing phase of the 
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polyphenylene ether has conspicuous effects on Impact strength and is desirably 0.01 - 10 ^l. preferably 
0.05 - 5 iL. more preferably 0.05 - 3 further preferably 0.1 - 2 ji. the most preferably 0.1 -1.8 |x. 

As explained above, the resin composition of this Invention comprises a dispersing phase consisting 
polyphenylene ether, a crystalline thermoplastic resin and a mutual compatiblllzer. 

Compatible with both or either one of said two phases and Impact strength of this composition which has 
not been able to improve by conventional technique can be improved without substantially no reduction in heat 
resistance by specifying particle diameter of the polyphenylene ether dispers phase. ^ , , . 

Especially, hitherto no attention . has been given to the fact that diameter of dispersed particles In a 
composition containing polyphenylene ether has a great effect on Impact strength and so rubber component 
must have been used in a large amount in order to improve impact strength which is accompanied by 

reduction of heat resistance. . . • ^* 

This Invention can provide more readily a novel composition having a superior balance between impact 
strength and heat resistance by specifying particle diameter of disperse phase of polyphenylene ether, using a 
mutual compatiblllzer which seves to obtain the specific particle diameter and specifying molecular weight of 

^°Snove^^^^ provided by this invention can be processed to shaped articles, sheet, film. tube, 

coating material by processing methods employed for thermoplastic resins such as injection mplding. 
extrusion molding, etc. to afford articles excellent in balance of properties such as heat resistance, impact 
strength, processabillty, dimension stability, etc. 



Claims 



1 A thermoplastic resin composition which comprises a composition comprising (A) a dispersing 
phase of polyphenylene ether obtained by oxidation polymerization of at least one phenol compound 
represented by the formula: 




wherein Ri, Ra, Ra. R4 and Rs each represents a hydrogen atom, a halogen atom or a substituted or 
unsubstituted hydrocarbon residue and at least one of them Is a hydrogen atom. (B) a crystalline 
thermoplastic resin matrix phase and (C) a mutual compatibilizer compatible with (A) and/or (B). the 
average particle diameter in said dispersing phase being 0.01 - 10 \vm, 

2. A composition according to claim 1 obtained by kneading first (A) and (C) to provide a mixture and 
then kneading (B) with the mixture. ^ ^ , 

3. A composition according to claim 1 or 2 wherein the polyphenylene ether (A) has a reduced viscosity 
of 0.40 -0.60 measured in chloroform solution at 25** C. ^ ^ . 

4. A composition according to claim 3 wherein the polyphenylene ether for (A) has a reduced viscosity 

^5 "a composition according to any one of the preceding claims wherein the thenmoplastic resin matrix 
phase (B) comprises at least one of polyethylene, polypropylene, polyamlde, themioplastic polyester, 
poiyacetal. polyphenylene sulfide and polyether ether ketone. , 

6 A composition according to any one of the preceding claims wherein the mutual compatibilizer (C) is 
at least one compound containing in its molecule, at least one of carboxyl group, acid anhydride group, 
acid amide group, imide group, caboxylate group, epoxy group, amino group, isocyanate group, oxazoline 
ring-containing group and hydroxyl group, or a modified rubber-like material or epoxy compound. 

7 A composition according to claim 6 wherein the rubber-like material is one modified with at least one 
compound containing, in its molecule, at least one of carboxyl group, acid anhydride group, acid amide 
group, imlde group, carboxylate group, amino group, isocyanate group and hydroxyl group. 

8. A composition according to claim B or 7 wherein the compound containing In its molecule, at least 
one of carboxyl group, acid anhydride group, acid amide group. Imlde group and amino group is acrylic 
acid, maleic acid, fumaric acid, maleic anhydride, maleic hydrazlde or malelmlde. 

9. A composition according to claim 6 wherein the epoxy compound as the mutual compatibilizer (C) is 
an epoxy resin and/or precursor thereof. 

10. A composition according to claim 6 wherein the epoxy compound as the mutual compatibilizer (C) is 
a copolymer comprising ethylene and an unsaturated epoxy compound and/or a copolymer comprising 
ethylene, an ethylenically unsaturated compound excluding ethylene and an unsaturated epoxy 
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compourid. 

11 A composition according to any one of the preceding claims wherein the average diameter of 
particles in the dispersing phase (A) Is 0.05 - 5 jim. 

12. A composition according to claim 1 1 wherein the average diameter Is 0.05 - 3 um, 

13. A composition according to claim 1 1 wherein the average diameter is 0.1 - 2 jun. 

1 4. A composition according to claim 1 1 wherein the average diameter is 0.1 - 1 .8 urn. 

15. A composition according to any one of the preceding claims wherein the amount of (A) Is 1 - 650yb bv 
weight, that of |B) Is 35 - 98.90^ by weight and that of (C) Is 0.1 - 500/o by weight, the percentages being 
based on the combined weight of (A), (B) and (C). 

16. A composition according to any one of the preceding claims, which also comprises, per 100 parts by 
combined weight of (A). (B) and (0.1- 50 parts by weight of (D) a fibrous reinforcing composite material 
having an aspect ratio of 10 or more and/or (E) an Inorganic filler having an average particle diameter of 10 
Jim or less. 

17. Shaped articles of a composition as claimed in any one of the preceding claims. 
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